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FOREWORD 


This  experiment  was  conducted  to  verify  theoretical  calculations 
of  wall  thickness  effect  on  the  shielding  characteristics  of  a  concrete 
blockhouse  in  a  uniformly  contaminated  fa 12 '  at  field.  The  work  was 
within  the  scope  of  Task  Number  1A032601A089-01,  "Studies  and  Investi¬ 
gations,  Atonic  Defense  Techniques." 


The  authors  wish  to  express  their  appreciation  to  Dr.  L.  V. 
Spencer  of  the  National  Bureau  of  Standards  for  the  opportunity  of 
using  his  monograph,  "Structure  Shielding  Against  Fallout  Radiation", 
prior  to  its  formal  publication,  and  to  Dr.  H.  J.  Tiller  for  his  tech¬ 
nical  assistance  and  careful  judgment  of  the  subject  matter. 


Reproduction  of  this  document  in  whole  or  part  is  prohibited 
except  with  permission  of  the  issuing  office;  however,  ASTIA  is  author¬ 
ized  to  reproduce  the  document  for  U.  S.  Goveraent  purposes. 


When  this  document  has  served  its  purpose,  DESTROY  it;  DO  NOT 
return  to  U.  S.  Army  Nuclear  Defense  Laboratory. 


DIGEST 


This  experiment  vas  conducted  to  verify  theoretical  calcula¬ 
tions  of  vail  thickness  effect,  on  the  shielding  characteristics  of  a 
concrete  blockhouse  in  a  uniformly  contaminated  fallout  field. 

Two  gauma  emitters,  cobalt  60  and  cesium  137,  were  used  to 
simulate  uniform  planes  of  contamination.  The  dose  rates  at  various  loca¬ 
tions  within  blockhouses  with  wall  thickness  of  48  psf,  93*7  psf ,  and 
139  psf  were  measured  with  ionization-chamber  dosimeters.  Reduction 
factors  were  calculated  from  the  data  taken  at  the  center  detector 
positions  and  compared  with  reduction  factors  computed  from  the 
theoretical  calculations  of  Dr.  L.  V.  Spencer,  National  Bureau  of 
Standards . 

1.  Experimental  and  theoretical  reduction  factors  3  feet  and 
6  feet  above  the  center  of  the  concrete  blockhouse  agreed  within 
±15  percent  for  a  uniformly  contaminated  plane  of  cobalt  60,  and 
within  ±20  percent  for  cesium  I37. 

2.  Cobalt  60  and  cesium  137  radiation  show  approximately 
exponential  attenuation  of  dose  rate  as  a  function  of  wall  thickness 
ranging  from  48  to  139  psf  for  detector  heights  of  0  (ground  level), 

3,  and  6  feet. 


MILITARY  APPLICATION 


Radiation  hazards  caused  by  fallout  from  nuclear  explosions 
require  the  military  to  take  advantage  of  sill  possible  means  of 
shielding  to  protect  both  the  field  armies  and  personnel  in  fixed 
military  installations.  One  means  of  obtaining  protection  is  to 
utilize  available  above-ground  structures;  however,  the  military 
commander  must  be  furnished  with  quantitative  estimates  of  the  pro¬ 
tection  afforded  by  available  structures.  Spencer's  method  gives 
the  means  of  obtaining  this  quantitative  estimate  of  protection 
capabilities  of  structures.  An  experimental  check  on  the  accuracy 
of  this  method  is  essential. 
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ATTENUATION  OF  FALLOUT  RADIATION  AS  A  FUNCTION 
OF  CONCRETE  BLOCKHOUSE  WALL  THICKNESS 


CHARTER  I 
INTRODUCTION 


1.1  OBJECTIVES 

This  report  presents  one  phase  of  a  shielding  program  designed 
to  test  the  validity  of  theoretical  calculations  for  predicting  the 
shielding  afforded  by  structures  against  fallout  radiation. 

The  specific  objective  of  this  experiment  vas  to  verify 
theoretical  calculations  of  the  effect  of  wall  thickness  on  the 
shielding  characteristics  of  a  concrete  blockhouse  in  a  uniformly 
contaminated  fallout  field. 


1.2  '-.CKGROUND 

An  atomic  or  thermonuclear  weapon  detonated  on  or  near  tne 
surface  of  the  ground  produces  radioactive  fallout.  This  fallout 
is  taken  into  the  atmosphere  and  distributed  over  the  surrounding 
area  in  a  pattern  determined  by  the  prevailing  meteorological  con¬ 
ditions.  This  radioactive  fallout,  covering  roofs  of  buildings  and 
the  surrounding  ground,  constitues  a  major  hazard  to  the  surviving 
population,  because  of  this.  Judicious  use  must  be  made  of  all 
remaining  above-ground  structures  for  protection  from  the  radiation 
hazard  caused  by  the  fallout.  It  is  essential,  therefore,  to  know 
J»  *t  how  much  protection  can  be  expected  from  these  structures  in  a 
fallout  field.  This  information  is  obtained  by  direct  measurement 
or  calculation. 

Some  experimental  work  on  structure  shielding  has  been  done  on 
typical  residential  structures1  and  on  relatively  simple  structures3 
in  simulated  fallout  fieldr.  Because  of  geometric  differences 
between  one  building  and  another,  however,  these  results  could  only 
be  applied  directly  to  similar  structures.  Recently,  a  prediction 
method  developed  by  Dr.  L.  V.  Spencer  at  the  National  Bureau  of 
Standards  (NBS)  became  a\ailable.  This  vojk,  contained  in  Dr. 
Spencer's  monogrrph  on  structure  shielding  ,  formed  the  basis  of 
the  Office  of  Civil  Defense  (OCD)  Engineering  Manual4  used  by 
engineers  and  architects  to  predict  the  protection  afforded  by 
existing  and  proposed  structures  against  fallout  radiation.  Al¬ 
though  some  of  the  assumptions  and  calculations  made  by  Dr.  Spencer 
were  based  on  experimental  work,  a  need  existed  for  a  full  scale 
experimental  check  of  the  entire  prediction  method.  The 
most  logical  approach  to  such  an  experiment  was  to  begin  with  a 
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simple  type  of  structure,  and  then  proceed  to  more  complex  structures. 
Therefore,  a  simple  blockhouse  was  chosen  as  the  experimental  structure. 
The  results  of  experiments  conducted  to  determine  the  effect  of  roof 
thickness  on  the  gamma  dose  rate  inside  the  blockhouse  have  been  re¬ 
ported  previously6.  The  present  report  concerns  the  gamma  radiation 
penetration  through  the  walls  of  the  blockhouse. 


Details  of  the  calculations  involved  in  developing  Spencer's 
prediction  method  are  reported  in  his  monograph  on  structure  shielding 
against  fallout  radiation  .  The  monograph  was  designed  to  predict 
the  shielding  characteristics  of  any  structure  if  certain  physical 
parameters  (dimensions,  construction  materials,  wall  thickness,  etc.); 
are  known. 

Spencer  accomplished  this  by  reducing  as  much  as  possible  the 
number  of  independent  parameters  characterizing  a  fallout  radiation 
shielding  problem.  Fallout  distribution  was  assumed  to  be  of  uniform 
density  end  of  infinite  ex^rt.  The  changing  energy'  spectrum  that 
occurs  after  the  detonation  of  a  weapon  was  resolved  by  calculating 
data  for  three  different  energy  spectra,  namely  (lX  1.12-hour  fission 
products,  (2)  cobalt  60,  and  (3)  cesium  137*  The  differences  in  the 
density  and  the  shielding  characteristics  of  construction  materials 
of  various  buildings  were  simplified  by  convertirg  to  a  parameter 
called  effective  mass  thickness  (x)  with  the  dimensions  of  weight 
per  unit  area.  The  expression  for  this  parameter  is 

x  =  2(z/a)'  p  a  (1.1)' 

Where:  vZ/A)*  is  »,he  ratio  of  atomic  charge,  Z,  to  atomic  mass  number.  A, 
averaged  over  the  constituent  elements  of  the  material. 

p  is  the  density  of  the  material 

A  is  the  barrier  thickness 

The  dimensionless  factor  2(z/a)  is  very  nearly  unity  for  most 
important  construction  materials,  such  as  wood,  bncl^  and  concrete; 
consequently,  the  effective  mass  thickness  for  these  materials 
nearly  equals  the  true  mss  thickness,  defined  as  weight  per  unit 


Structure  shielding  analysis  may  be  visualized  by  examining 
Figure  1.1,  taken  directly  from  Figure  20.1  of  Reference  3.  Figure  1.1 
shows  a  blockhouse,  similar  to  the  structure  studied  in  the  present 
experiment,  with  fallout  on  the  roof  and  on  the  surrounding  ground. 

It  is  desired  that  the  dose  rate  be  determined  at  detector  position  A 
at  the  center  of  the  building,  so  that  at  that  point  the  shielding 
effectiveness  of  the  structure  can  be  determined. 
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A  convenient  measure  for  the  shielding  effectiveness  is  the  (dose) 
reduction  factor  R^  for  the  cente"  point  inside  the  structure.  ‘Dus 
^eduction  factor  is  defined  as  the  ratio  of  the  dcse  rate.  D^,  measured 
at  the  detector  point  A  inside  the  structure  to  the  free  field  dose 
rate,  D0,  measured  by  an  unshielded  detector  3  feet  above  +he  infinite 
and  uniformly  contaminated  plane  source,  i.e.* 


The  dose  rase  at  detector  is  due  to  radiation  from  all  d'rec- 
tions.  Because  of  the  low  density  of  air,  most  radiation  will  travel 
in  straight  lines  from  the  points  of  emergence  from  the  walls.  ”hus, 
the  radiation  penetrating  the  roof  is  due  primarily  to  fallout  laying 
on  the  roof,  plus  shyshine  (from  ground  contamination),  which  is 
significant  for  relatively  thm  roofs.  The  radiation  penetrating  the 
walls  originates  frcta  fallout  on  the  ground  surrounding  the  building. 
Since,  as  pointed  out  by  Spencer,  the  radiation  penetrating  the  roof 
will  have  little  semblance  in  intensity  or  directional  distribution 
to  radiation  penetrating  the  walls,  it  is  appropriate  to  separate 
the  detector  response  accordingly. 

In  Figure  1.1,  detector  positions  B  and  C,  „ust  inside  and  out¬ 
side  the  wall,  represent  points  at  the  sane  height  as  detector 
position  A.  Radiation  from  ground  contamination  that  contributes  to 
the  detector  response  at  position  A  must  first  pass  through  the  wall 
material  and  then  travel  through  the  distance  between  the  wall  and  the 
detector.  The  total  reduction  of  detector  response  at  A  can  be  repre¬ 
sented  as  the  product  of  two  factors.  The  barrier  reduction  factor 
account45  for  the  attenuation  -f  radiation  by  interactions  with  the  wall 
aateri&i,  clearly,  this  factor  is  a  function  of  the  mass  thickness  X  of 
the  wall.  It  should  be  noted  that  the  ratio  of  the  response  of  detec¬ 
tors  placed  at  positions  B  and  C  provides  a  very  good  estimate  of  the 
magnitude  of  the  barrier  reduction  factor.  The  geometry  reduction 
factor  allows  for  further  reduction  of  the  radiation  intensity  due  to 
the  finite  distance  between  detector  positions  B  and  A;  obviously, 

'■his  factor  is  a  function  of  +he  solid  angle  fraction  w  subtended  by 
the  wall  as  seen  from  the  detector  position  A.  A  more  detailed  anal¬ 
ysis  reveals  that  the  geometry  reduction  factor  depends  also  on  the 
mass  thickness  X  of  the  wall  as  an  additional  variable. 

The  procedures,  using  Spencer’s  method,  for  calculating  the 
reduction  factors  for  the  blockhouse  are  snown  later  in  Section  3-^* 
Certain  basic  parameters,  such  as  effective  mass  thickness,  X,  and 
the  solid  angle  fractions,  are  easily  calculated.  From  these,  other 
factors  are  obtained  directly  from  charts  ana  graphs  in  Spencer’s 
monograph. 


CHAPTER  2 


EXPERIMENTAL  EQUIPMENT  A  <D  PROCEDURES 


2.1  BLOCKHOUSE 

The  blockhouse  is  shown  in  Figure  2.1.  The  inside  dimensions 
of  the  square  structure  were  12  by  12  by  8  feet.  The  floor  and  the 
basic  U-inch~thick  walls  were  poured  concrete.  Wall  thicknesses 
were  added  in  increments  of  3  13/ 16  inches,  or  15*7  psf,  to  a  totsl 
thickness  of  11  5/8  inches,  or  139  psf. 


TABLE  2.1  WALL  THICKNESS  OF  CONCRETE  BLOCKHOUSE 


Wall 

Number 

Thickness 
of  Concrete 

Mass 

Thickness 

inches 

psf 

1 

1 

48 

2 

7  13/16 

93-7 

3 

v  5/8 

139 

For  convenience,  the  mass  thickness  (psf)  will  be  used  to 
indicate  the  appropriate  wall  thickness  in  subsequent  sections 
of  this  report. 

The  2-by-2-foot  windows,  centered  in  three  of  the  walls, 
were  filled  with  concrete  blocks  to  the  same  thickness  as  the 
walls.  The  fourth  wall  contained  a  2-by-6-foot  doorway.  A 
18 -psf  sliding  door  (Figure  2.2)  was  installed  to  shield  out 
the  contribution  of  scattered  radiation  through  this  opening. 

Supporting  •‘■he  roof  materials  was  a  10-inch  wide  flange 
beam  (Figure  2-l)  that  spanned  the  top  of  the  structure  at  the 
midpoints  of  the  walls  having  opposing  windows.  TAe  roof 
for  the  18 -psf  and  93*7-psf  walls  cor3isted  of  1  „/32  inches  of 
steel  supported  by  a  l/2-ineh  layer  of  plywood  extending  from 
the  flange  beam  to  the  tops  of  the  opposing  walls.  The  mass 


Figure  2.1  Experimental  blockhouse  showing  h8-''sf  wall  and  50.2-psf  '*oo** 


tmckness  value  cf  this  roof  vas  50.2  psf.  The  roof  for  the  139-psf 
wall,  however,  vas  increased  to  91-5  psf  by  replacing  the  steel 
with  two  layers  of  3  13/l6-inch  thick  concrete  block  supported 
by  U-ir.ch  steel  channels  extending  from  tli  flange  beam  to  the  tops 
of  the  opposing  vails.  The  thickness  of  the  roof  was  increased  to 
eliminate  the  contribution  of  scattered  radiation  through  the  .*001. 
Thus,  the  dose  rates  at  the  detector  positions  were  considered  to 
represent  only  radiation  penetrating  the  walls. 


2.2  FALLOUT  SIMULATION 

2.2.1  Source  Positions.  A  continuous  distribution  of  fallout 
radiation  was  simulated  by  dividing  the  field  about  the  test 
structure  into  an  array  of  squares  and  by  placing  a  point  isotropic 
source  at  the  center  of  each.  Instead  of  having  sources  at  each 
of  the  points  simultaneously,  a  single  source  was  moved  over  the 
successive  centers  until  the  total  area  represented  was  covered. 
Because  of  the  symmetry  of  the  experimental  structure,  only  one- 
eighth  of  the  surrounding  fallout  field  required  simulation.  Image 
detector  positions  were "placed  within  the  structure  to  obtain  the 
dose  contribution  for  the  entire  field. 

Figures  2-3  through  2.5  show  the  source  positions  in  relation¬ 
ship  to  the  blockhouse.  These  figures  show  that  the  contaminated 
area  is  bounded  by  two  straight  lines  intersecting  at  an  angle  of 
45°  at  the  center  of  the  structure. 

The  grid  spacing  was  chosen  so  that  the  outside  dimension  of  the 
structure  was  a  multiple  of  the  grid  spacing  adjacent  to  the 
structure.  The  overall  size  of  the  48 -psf  wall  building  vas  152  by 
152  inches.  Thus,  the  individual  grid  spacing  for  the  48-psf  vail 
vas  25  l/3  by  25  V3  inches,  or  4.46  ft3.  To  reduce  the  number  of 
dose-rate  measurements,  the  grid  area  vas  increased  by  a  factor 
of  4  after  every  third  rov. 

A  similar  pattern  vas  followed  in  determining  the  source 
positions  for  the  93*?-psf  vail.  The  overall  size  of  the  building 
increased  to  160  by  160  inches;  therefore,  the  size  of  the  grid 
adjacent  to  the  blockhouse  vas  26  2/3  by  26  ?/ 3  inches,  cr 
4.93  ft3.  Likevise,  the  grid  area  vas  increased  by  a  factor  of 
4  after  every  tnird  rov. 
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Except  for  Row  A,  the  sane  grid  size  used  for  the  139-psf 
wall  was  used  for  the  W-psf  wall.  Rcw  A  was  divided  into  five  grid 
areas  (see  Figure  2.5)  rather  than  the  four  used  for  the  U8-psf 
wall  to  facilitate  area  representation  by  the  single  point  source. 
The  grid  size  in  Row  A  was  IT  l/3  by  21  inches. 

2.2.2  Detector  Positions.  The  detector  layout  is  shown  fn 
Figures  2.6  and  2.7.  Figure  2.6a  is  a  plan  of  the  building  showing 
the  position  of  the  primary  detectors  with  respect  to  the  walls  of 
the  building,  anu  Figure  2.6b  shows  the  detector  positions  with 
respect  to  the  floor.  This  information  is  summarized  in  Table 
2.2. 

TABLE  2.2  POSITION  OF  DETECTORS  INSIDE  BLOCKHOUSE 


Detector 

Position 


Perpendicular 
Distance  to 
Wall  II 


*  Note:  This  detector  position  was  at  ground  level  directly  above  the 
center  of  a  16  by  16  by  l6-inch  hole  in  the  center  of  the 
blockhouse . 

Primary  detectors  (capital  letters)  and  image  detectors  (small 
letters)  were  placed  within  the  building  as  shown  in  Figure  2.7- 
Figure  2.8  illustrates  the  method  employed  to  determine  the  dose 
rate  at  the  primary  positions  using  only  one -eighth  of  the  field 
about  the  structure.  In  Figure  2.3a,  it  was  desired  to  measure 
the  dose  rate  within  the  structure,  at  position  A,  from  radiation 
originating  from  contaminant  in  the  four  shaded  squares  and  in  the 
four  unshaded  squares.  Because  of  symmetry,  the  source -barrier- 
detector  arrangement  could  be  represented  by  three  image  detector 
positions  so  as  to  obviate  placing  a  source  ir.  three  of  the  four 
shaded  areas  of  Figure  2.8a.  Furthermore,  for  each  of  the  detector 
positions,  there  was  an  unshaded  square  contributing  the  same 
radiation  field  as  a  shaded  area.  Therefore,  the  unshaded  area 
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contribution  could  be  accounted  for  by  doubling  the  contribution 
indicated  by  a  source  at  the  center  of  a  shaded  area.  As  an 
example,  the  dose  rate,  D^,  at  position  A  for  the  eight  contaminated 
areas  shown  in  Figure  2.6c  was 

»A  ■  2(0Al  +  +  na3  +  V  (2"-) 

For  the  center  detector  positions,  the  three  image  detector 
positions  were  superimposed  upon  the  primary  position.  There  jre, 
the  dose  rate  at  a  center  position  for  the  above-mentioned  contami¬ 
nated  areas  was  eight  times  the  single  dose -rate  measurement. 

As  shown  in  Figures  2-3,  2.4,  and  2.5,  the  diagonal  areas 
v?  ■  "-rented  as  right  triangles  and  the  source  was  placed  at  the 
ui'. -oint  of  the  hypotenuse  of  the  triangular  area.  In  determining 
the  continuous  distribution  dose  rates  it  was  necessary  to  halve 
the  single  dose-rate  measurements  to  properly  weight  this  area. 


2.3  RADI  CACTI  V£  SOURCES 

The  gamma  radiation  sources  used  in  these  experiments  were 
cobalt  60  and  cesium  137,  (Figures  2.9  and  2.10).  Cobalt  60, 
emitting  2  gamma  photons  of  1.17  and  1.33  MeV,  was  used  in  source 
strengths  of  0.346  curies,  3*25  curies,  98*7  curies,  and  395  curies. 
Cesium  137,  emitting  a  single  gamma  photon  of  0.66l  MeV,  was  used 
in  source  strengths  of  1.32  curies,  8.69  curies,  and  100  curies. 


2.4  SOURCE.  HANDLING  EQUIPMENT  AND  PROCEDURES 

In  simulating  fallout  contamination  with  point  sources,  the 
high  intensity  radioactive  sources  were  exposed  remotely  to 
insure  personnel  safety,  and  were  exposed  close  to  the  ground 
to  simulate  ground  contamination.  The  following  methods  were 
used  to  accomplish  this: 

1.  Direct  placement  of  source  on  the  ground 

2.  Airlift  system  alone 

3.  Airlift  system  with  tilter 

4.  Airlift  system  with  tilter  and  reverse -airflow  system 

The  first  method  involved  removing  the  source  from  the 
snielu  with  a  permanent  magnet  and  quickly  placing  it  in  a 
plastic  holder  resting  on  the  source  position.  This  procedure 
was  used  only  with  the  1.32-curie  cesium  137  source  and  the 
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0.157 

8.69 
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100 
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Figure  2.10  Detail  of  construction  of  cesium  137  sources. 
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0.3^6-curie  cobalt  60  source  for  the  positions  of  Rows  A,  B,  and 
C  with  the  48-psf  wall. 


A  section  drawing  of  the  airlift  system  is  shown  in  Figure 
2.11.  Briefly,  the  system  consisted  of  the  source,  the  shield, 
and  a  riser-tube  assembly.  To  lift  the  source  from  its  lean 
shield,  a  lead  plug  was  removed  and  a  stainless  steel  riser 
plug,  containing  two  concentric  aluminum  tubes,  was  inserted 
i.nto  the  cavity  of  the  shield.  An  air  hose  near  the  base  of 
the  aluminum  tubes  was  connected  to  an  electrically  operated 
air  compressor  that  forced  air  dowr.  the  outer  aluminum  tube 
and  under  the  source,  pushing  the  source  upward  into  the  alumi¬ 
num  tube.  A  preset  stop  rod  in  the  riser  tube  controlled  the 
height  to  which  the  source  would  move.  The  source  remained 
suspended  in  the  aluminum  tube  until  the  power  to  the  air 
compressor  was  turned  off. 

The  airlift  system  alone  was  used  only  for  Row  P  through 
Row  R  (Figure  2.h)  where  it  vac  not  required  that  the  source  be 
positioned  near  the  ground.  At  these  points  the  source-to-detector 
distances  were  large;  therefore,  the  difference  m  slant  thickness 
through  the  block  nouse  vails  was  insignificant  whether  the  source 
was  near  tne  ground  or  as  each  as  2  feet  above  the  ground. 

Beginning  at  Rev  D,  vr.ere  it  was  necessary  to  position  a  high- 
activJty  source  near  the  ground  (source  could  not  be  handled  manually), 
the  airlift  system  was  used  in  conjunction  with  tne  tilting  mechanism. 
Figure  2-12.  This  device  consisted  of  a  two-wheeled  trailer  with 
mounted  supports  holding  two  trunnions,  a  face  plate  was  welded  to 
tne  adjacent  encs  of  each  trunnion.  Adapter  plates  with  bolt  holes 
were  welded  to  opposite  sides  of  each  shield  to  match  the  plates  on 
the  trunnion.  The  shield  was  placed  between  the  plates  and  bolted 
in  place.  With  the  riser  tube  clamped  in  place,  the  shield  was 
tilted  by  remotely  activating  a  110-vclt  AC  ratio  motor.  This 
motor  drove  a  system  of  pulleys  and  V-belts  that  reduced  the  ro¬ 
tation  speed  and  caused  the  shield  to  tilt  to  about  110°  from  the 
vertical.  The  source  vas  then  ejected  from  the  shield  with  the 
air  compressor.  Source  height  above  the  ground  was  adjusted, 
prior  to  exposure,  by  means  of  a  positioning  rod  of  the  same 
length  as  the  riser  tube.  At  source  positions  near  the  building 
(Rows  D  and  E),  the  height  of  the  source  above  the  ground  was 
approximately  3  l/2  inches.  At  source  positions  farther  free 
the  blockhouse  it  was  sometimes  necessary  to  place  the  source 
as  much  as  8  inches  above  the  ground  so  that  the  source  would 
lsee"  the  entire  building.  The  source  vas  returned  to  the 
shield  by  upright ing  the  rioer  tube  and  shield.  An  average 
detector  response  was  determined  for  the  dose  contribution  during 
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the  time  that  the  source  traveled  from  the  ground  position  to  nearly 
above  the  shield.  This  contribution  vas  subtracted  to  give  the 
detector  response  while  the  source  was  at.  ground  level. 

The  fourth  arid  final  source-exposure  method,  the  airlift  system 
and  tilter  with  the  reverse  air-flow  system,  was  eroployM  for  source 
positions  near  the  blockhouse  where  the  vail  thickness  under  study  was 
too  great  to  permit  use  of  a  low  activity  source.  Since  the  dose 
contributed  while  the  source  vas  being  returned  from  the  grot  -d 
position  to  the  shield  would  be  a  significant  part  of  the  total  dose 
reaching  the  detector,  it  was  undesirable  to  use  the  tilter  mechanism 
with  the  normal  air-lift  system.  This  system,  shown  m  Figure  2.1j» 
entailed  the  use  of  an  adapter  (an  aluminum  tube  the  same  inside 
diameter  and  wall  thickness  as  the  riser  tube)  which  was  threaded 
on  the  upper  end  of  the  riser  tube.  A  rubber  hose  was  attached  to 
a  small  aluminum  tube  extending  fren  the  cap  of  the  adapter.  This 
tuoe  and  the  air  inlet  at  the  base  of  the  riser  tube  were  connected 
to  opposing  outlets  of  two,  remotely  operated,  three-way  solenoid 
valves  which  controlled  the  direction  of  the  flow  of  air.  With  air 
pressure  being  supplied  by  a  compressor  pump,  air  could  either  b: 
made  to  flow  through  the  shield,  pushing  the  source  to  the  end  of 
the  adapter,  or  to  flow  through  the  adapter,  thus,  pushing  the 
source  back  into  the  shield.  This  method  was  used  to  expose  a 
high- intensity  source  to  a  height  of  l/2  inch  above  the  ground  at  all 
source  positions  of  Rows  A,  B,  and  C  with  the  93-7-psf  and  139- psf 
walls. 

To  reduce  the  number  of  source' position  measurements,  a  method 
was  devised  for  estimating  the  dose  rate  at  as  many  source  positions 
as  possible.  Sufficient  radial  lines  were  drawn  from  the  center  of 
the  building  to  the  boundary  of  the  experimental  radiation  field  so  as 
to  pass  through  each  source  position.  Results  of  the  dose-rate 
measurements  for  the  90  source  positions  for  the  48-psf  wall  thickness 
indicated  that,  for  the  center  detector  positions,  a  plot  of  the  dose 
rate  versus  horizontal  distance  from  source  to  detector  for  the  source 
positions  on  a  given  radial  line  yielded  a  straight  line  on  log-log 
paper.  Therefore,  for  the  greater  wall  thickness,  the  dose  rate  at 
many  source  positions  could  be  estimated  by  obtaining  sufficient 
points  to  construct  the  dose-rate  distance  curve.  The  source  posi¬ 
tions  for  which  this  procedure  was  used  are  indicated  in  the  tables 
of  the  appendix. 

2.5  INSTRUMENTATION 

2.5-1  Radiation  Detectors.  Quanitative  measurements  of 
the  dose  inside  the  blockhouse  were  obtained  with  the  following 
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air-equivalent  ionization  chamber  dosimeters  and  charger-reader 
(Figure  2.14) 

Dosimeters:  Victoreen  Model  239,  Range:  0-10  mr 

Victoreen  Model  208,  Range:  0-1  mr 


Charger -R eader :  Victoreen  Model  287  Mincsaeter 

These  detectors  were  calibrated  against  a  Victoreen  Model 
130  dosimeter,  range  0  to  0. 25r,  charged  and  read  cn  a  Victoreen  con¬ 
denser  r-meter  model  70,  which  had  been  calibrated  by  the  National 
Bureau  0?  Standards  (NBS)8  .  The  calibration  was  made  at  two,  energy 
levels,  215  keV  and?  1,250  keV.  The  correction  factor  for  cesium  137 
was  obtained  by  linear  interpolation  for  66l  keV  photon  energy  level 
between  the  two  measured  energies.  It  was  estimated  that  the  correc¬ 
tion  factors  were  accurate  within  ±3  percent. 

When  taking  dose  measurements,  the  decimeters  were  exposed 
for  a  time  sufficient  to  give  a  reading  of  not  less  than  50  percent 
of  full  scale.  Readings  could  be  reproduced  within  ±1  percent  of 
full  scale.  The  total  dose  received  by  a  dosimeter  was  recorded 
with  the  time  required  for  the  exposure.  This  information  was 
converted  to  dose  rate  in  milliroentgens  per  hour. 

2.5.2  Survey  and  Detection  Instruments.  Survey  and  detection 
instruments  included  the  following: 

Tracdrlab  Model  SU3  Laboratory  Monitor 

Nuclear -Chicago -Model  2586  Survey  Meter  (Cut ie- Pie) 

Victoreen  Mod  i  389  Survey  Meter  (Thyac) 

The  Tracerlab  Model  SU3  laboratory  monitor  was  used  to  indicate 
the  exit  and  return  of  the  source  to  the  shield.  This  system,  in 
conjunction  with  an  electric  timer,  was  also  used  to  determine  the 
length  of  the  exposure  time. 

The  survey  meters  were  used  to  estimate  the  dose  rate  within 
the  blockhouse  at  the  various  detector  positions. 

2.5.3  Miscellaneous  Instrumentation.  Correction  factors  were 
necessary  to  correct  the  responses  of  the  dosimeters  to  standard 
atmospheric  conditions  (cf  C  and  760  am  Hg). 

Atmospheric  pressure  was  measured  by  a  U.  S.  Army  Signal  Corps, 
mercury  barometer.  The  instrument  could  be  read  to  ±0.1  Ban  Hg. 

Air  temperatures  were  measured  by  a  Yellow  Springs  Instrument 
Co.  Model  44  Telethermometer  equipped  with  a  Model  405  thermistor 
air  probe. 
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Figure  2.  lU  DoBimeters  and  charter -reader. 


9  s . k  vi eld  Laboratory  Facility.  A  l6-foak-sq\jare  wooden 
building  near  the  edge"of  the  test  area  provided  a  reasonably  dust- 
free  place  to  charge  and  read  the  dosimeters.  A  32 -Inch  thick  concrete- 
block  shielding  wall  was  erected  along  two  sides  of  the  building  to 
reduce  the  radiation  level  sufficiently  to  ailov  continued  occupancy 
by  test  personnel  and  to  permit  dosimeters  to  be  read  vhile  the  field 

test  was  in  progress. 
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CHAPTER  3 

EXPERIMHTCAL  AMD  THEORETICAL  RESULTS  AND  DISCUSSION 


3.1  DATA  TREATMENT 

Table  3.1  is  a  sample  data  sheet  showing  the  treatment  of  the 
radiation  measurements  for  the  48-psf  wall  from  one  source  position. 

The  radiation  dose  measurements  were  corrected  for  atmospheric 
conditions,  radioactive  decay,  and  dosimeter  calibration,  and  normalized 
to  yield  the  dose  rate  for  a  source  strength  of  1  curie.  The  normalized 
dose  rates  were  recorded  on  analysis  sheets  as  shown  in  Appendix  A, 
Tables  A1  through  A6.  The  point-source  data  were  then  integrated  to 
obtain  the  dose  rate  from  a  square  radiation  source  field  with  uniform 
contamination  density.  For  example,  in  Table  A-l,  the  sum  of  the  dose 
rates  3  feet  above  the  center  of  the  floor  of  the  blockhouse  from  the 
source  positions  of  Row  A  (source  positions  1-k),  multiplied  by  8  and 
by  the  area  simulated  by  each  source  position,  shows  the  dose  rate  at 
this  location,  if  Row  A  completely  surrounded  the  building. 


3.2  INFINITE  FIELD  DOSE  RATES 

In  these  experiments  the  radiation  field  could  be  constructed 
only  to  a  finite  distance  from  the  blockhouse;  whereas,  in  an  actual 
fallout  field,  the  dose  rate  at  a  detector  location  within  the 
building  is  due  to  an  effective  infinite  field  of  contamination. 

The  infinite  field  dose  rates  within  the  blockhouse  were  determined 
by  extrapolation  based  on  experimental  open  field  dose  rates  given 
in  Reference  7. 

From  data  provided  in  Reference  7,  the  dose  rate  3  feet  above 
the  open  field  was  determined  for  the  same  source  geometry  and  source 
strength  per  unit  area  as  that  used  for  the  blockhouse  wall  and  roof 
penetration  measurements.  Contaminant  located  on  the  roof  for  the 
blockhouse  measurements  was  located  on  the  ground  for  the  open  field 
measurements.  Tables  3.2  and  3.3  show  the  dose  rate  3  feet  above 
the  open  field  for  cobalt  60  and  cesium  137 ,  respectively.  The 
physical  size  of  the  source  area  is  Indicated  by  the  distance,  d, 
which  is  the  minimum  distance  from  the  center  of  the  field  to  the 
outer  boundary  of  the  square  simulated  fallout  fiald,  or,  as  in¬ 
dicated  in  Tables  3.2  and  3 *3>  half  the  length  of  the  contaminated 
field. 

Tables  3.4  through  3*9  show  the  experimental  dose  rates  within 
the  blockhouse  in  (mr/hr)/(curie/ft* )  totaled  through»'each  square 
radiation  area  for  the  center  detector  positions  at  the  6-foot  and 
3-foot  heights  ana  at  ground  level. 
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TABLE  3.1  SAMPLE  DATA  SHEET 

Vail  Thickness:  48  psf  (4  inches  concrete) 
Source  Position  #1 
Source:  0.346-Curie  Cohalt  60 
Atmospheric  Correction  Factor:  0.99*> 
Radioactive  Decay  Correction  Factor:  1-093 
Curie  Normalization  Rioter  (to  1  curie):  2-89 


Detector 

Position 


Dosimeter 

Calibration 

Correction 

Factor 


Corrected 
Dose  Rate 
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TABLE  3-3  CUMULATIVE  DOSE  RATES  3  FEET  ABOVE  AN  OPEN  FIELD 
CONTAMINATED  WITH  CESIUM  137 


Cumulative 
Dose  Rate 


feet 

(mr/hr)/ (curie  .V) 

AA* 

2.12 

7,490 

BB* 

4.24 

18,300 

CC* 

6.36 

27,000 

A 

8.44 

34,100 

B 

10.6 

39,600 

c 

12.7 

44,200 

D 

16.9 

51,700 

E 

21.1 

57,500 

7 

25.3 

62,100 

- 

33-8 

69,100 

H 

42.2 

74,700 

I 

50.7 

79,000 

j 

67.6 

85,700 

V 

84.4 

90, 500 

L 

101 

95,200 

>1 

135 

101,000 

N 

169 

105,000 

0 

202 

109,000 

P 

270 

114,000 

338 

117,000 

R  j 

405 

119,000 

s>This  portion  of  the  radiation  field  would  be  occupied  b/  the 
experimental  blockhouse. 
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■TABLE  3-8  CUMUIATIV2  EXPERIMEKTAL  DOSE  RATES  AT  CENTER  DETECTOR 
POSITIONS,  CESIUM  137,  93-7-PSF  WALL  THICKNESS 


r\ 


^  Ev 


Cumulative  Dose  Bates 

wmm 

Center  -  3  ft  j 

i 

ayiTOHBPWBBga 

II 

475 

911 

869 

1,280 

1,250 

1,680 

1,620 

2,060 

1,930 

2,370 

2,350 

2,790 

2,720 

3,160 

3,020 

3,470 

3,410 

3,870 

3,760 

4,220 

4,040 

4,510 

4,440 

4,920 

4,770 

5,240 

5,020 

5,510 
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TABLE  3.9  CIMUIATIVE  EXPERBtfHTAL  BOSE  RATES  AT  CENTER  DETECTOR 
POSITIONS,  CESIIW  137,  139-PSF  WALL  THICKNESS 


Source 

Row 

d 

Length  of 
Field 

Cumulative  Dose  Rates 

2 

Center  -  6  ft 

Center  -  3  ft 

Center-Groond  1 
reve3  1 

ifl 

A 

26.8 

52.8 

62.9 

B 

72.2 

128 

lUl 

C 

130 

208 

209 

D 

16.9 

240 

341 

310 

E 

21.1 

329 

432 

375 

F 

25.3 

402 

509 

43* 

G 

37.8 

516 

629 

512 

H 

1(2.2 

600 

718 

572 

I 

50.7 

669 

748 

6l4 

J 

67.6 

780 

909 

695 

K 

84.4 

859 

998 

760 

L 

101 

921 

1,070 

804 

Figures  3.1  through  3.6  show  the  cumulative  dose  rates  from  Tables 
3.’+  through  3*9  plotted  versus  d,  defined  as  half  the  length  of  the 
source  field  or  the  perpendicular  distance  from  the  boundary  of  the 
source  field  to  the  center  of  the  blockhouse.  The  top  curve  of  each 
figure  is  the  3  foot-high  open-field  dose  rate  obtained  from  data  in 
Reference  7.  For  values  of  d  greater  than  100  feet,  the  resulting 
curves  for  the  various  wall  thicknesses  show  a  family  of  curves  parallel 
to  the  open-field  curve.  It  was  assumed  that  the  constant  ratios 
between  the  open-field  dose'  rate  andrthe  dose  rates  at  the  center  of 
each  of  the  three  structures  continued  for  an  infinite  distance.  This 
made  it  possible  to  determine  the  infinite  field  doses  within  th* 
structures  based  on  the  open-field  dose  rate  reported  in  Reference  7. 

The  cobalt  60  source  field  extended  to  a  distance,  d,  of  405 
feet  for  the  48-psf  and  139-psf  walls,  and  to  a  distance,  d,  of  427  feet 
for  the  93.7-psf  wall.  The  data  from  Reference  7  indicate  that  92  per¬ 
cent  cf  the  infinite  field  dose  rate  was  obtained  by  the  405-foot 
field,  and  92.5  percent  of  the  infinite  field  dose  rate  was  accounted 
for  by  the  427-foot  field.  The  infinite  field  dose  rate  3  feet  above 
the  floor  at  the  center  of  the  blockhouse  (wall  thickness,  48  psf),  in 
the  cobalt  60  radiation  field  was  determined  to  be 


*• 

Where :  £  D, 

1-  A 


A 


£  Dt 
< if  *  L 
0.92. 


(3.1) 


indicates  the  sum  of  the  dose  rates  from  source  rows 
A  through  R. 


Similar  calculations  were  made  for  the  6-foot  and  ground-level  detector 
positions  for  all  wall  thicknesses. 


Because  of  the  limited  strength  of  the  cesium  137  source,  it  was 
not  possible  to  obtain  a  radiation  source  field  as.  extensive  -aft  that  for 
cobalt  60.  With  the  48-psf  wall,  the  cesium  137  radiation  field  ex¬ 
tended  to  a  distance,  d,  of  338  feet.  A  field  of  this  size  represented 
92  percent  of  the  infinite  field  dose.  The  source  field  for  the  93*7-psf 
wall  could  be  extended  only  to  213  feet  which  Included  only  8j  percent 
of  the  infinite  field  dose.  Finally,  the  cesium  137  source  field  for 
the  139-psf  wall  extended  only  to  101  feet  which  represents  approxi¬ 
mately  75  percent  of  the  infinite  field  dose.  The  infinite  field  dose 
rates  for  the  various  wall  thicknesses  are  summarized  in  Table  3.10. 

Figures  3*7  end  3*8  show  the  infinite  field  dose  rate  versus 
wall  thickness  for  cobalt  60  and  cesium  137;  respectively.  The 
dose  rate,  Dj ,  at  zero  wall  thickness^ was  obtained  by  subtracting 
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TABLE  3-10  INFINITE  FIELD  DOSE  RATES  AT  THE  CENTER  POSITIONS  OF  THE 
CONCRETE  BLOCKHOUSE 


Detector 

Height 

48-psf  Wall 

93.7-psf  Wall 

iy>psf  Wall 

feet 

[nr/hr)/  (curie/ ft3 ) 

(mr/hr)/ (curie/ft3 ) 

(mr/hr)/ (curie/ ft* ) 

Cobalt  60 

6 

127,000 

1*7,900 

11*,  600 

3 

ii*o,coo 

51,500 

16,300 

0 

111,000 

35,1*00 

11,100 

Cesium  137 

6 

23,1*00 

5,750 

1,280 

3 

2l*,800 

6,160 

1,1*80 

0 

15,700 

it, 770 

1,110 

the  contribution  of  sources  within  the  area  covered  by  the  blockhouse 
from  the  infinite  field  dose  rate.  Both  cobalt  60  and  cesium  137 
radiation  show  approximately  exponential  attenuation  of  dose  rate  as 
a  function  of  vail  thickness  up  to  139  psf  for  detector  heights  of  0 
(ground  level),  3,  and  6  feet. 


3.3  EXPERIMENTAL  REDUCTION  FACTORS 

The  experimental  reduction  factors,  R,  were  determined  by  dividing 
the  experimental  infinite  field  dose  rate,  D,  from  Table  3*9>  by  the 
open-field  dose  rate.  Eh,  determined  from  Reference  7.  Foi  example, 
the  reduction  factor  3  feet  above  the  center  of  the  blockhouse  floor 
for  the  48-psf  wall  in  a  cobalt  60  field  is 


R  0  D/Dq  =  l1*0 -OOP  (pr/hr)/( curle/ft3 )  ,  0  2g2 
1*97,000  (nr/hr)/ (curie/ ft* ) 


r 


J 


Jr 
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The  redaction  factor  at  the  same  position  in  a  cesium  137  field  is: 


D  _  t\/t\  _  24,800  (mr/hr)/(curie/ft3 

R  ■  D/Do  - 


'  0  128,000  (mr/hr)/ (curie/ ft*)  * 

The  experimental  reduction  factors  are  listed  in  Table  3. 11. 
Also  shown  are  the  theoretical  reduction  factors  as  calculated  uy 
Spencer's  method  and  explained  in  Section  3*^* 


3-1*  THEORETICAL  REDUCTION  FACTORS 

Details  of  Spencer's  methods  of  obtaining  the  formulas  used  in 
the  calculation  of  the  reduction  factors  are  given  in  Reference  3J 
therefore,  no  extensive  discussion  will  be  given  in  this  report. 

The  formulas  used  in  calculating  the  theoretical  reduction  factors 
are  as  follows: 

=  D/Dc  *  !»[w(X,h),  Wal(X,h,4 


the  factor  of  4  converts  the  contribution  through  one  wall  to 
account  for  the  four  walls  of  the  blockhouse;  the  function 
W(X,h)  is  the  barrier  reduction  and  is  dependent  upon  the 
effective  mass  thickness,  X,  of  the  wall  and  the  height,  h, 
of  vhe  detector  above  the  ground. 

The  function  Wa^(X,h,»)  is  the  geometry  reduction  factor  and  is 
written  as  follows : 

Wa,(X,h,a>)  =  b(X)  WB(h,m)  +  l.«[l  -  b(X)]  p/S)(“,»)  ( 


b(X)  is  the  proportion  of  unscattered  gamma  rays  estimated 
by  the  ratio 


?(°)(X)/P(X) 


P^°^{X)  is  a  function  obtained  by  subtracting  P  (X),  the 
total  detector  response  due  to  scattered  radiation  from  a 
point  source  in  an  infinite  homogene  cos  medium,  from  P(X), 
the  total  detector  response  to  radiation  from  a  point  source 
in  an  irfinite  homogene as  medium,  or 


p(o)(x)  =  p(x)-p(shx) 


V  / 
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Wa(h,o>)  is  a  function  describing  detector  response  to  radiation 
incident  in  a  limited  cone  of  directions  about  an  axis  parallel  to 
the  primary  source  plane  at  height,  h,  relative  to  the  response  of  a  2s 
detector. 

Pa(S>(“,CD)  is  the  ratio  of  the  detector  response  to  scattered 
radiation  from  a  point  source  incident  within  a  cone  of  directions 
about  the  radial  axis  from  detector  to  source  to  the  total  response 
of  an  isotropic  detector  to  the  scattered  radiation,  extrapolated 
for  the  limit  of  infinite  distance  from  source  to  detector. 

The  factor  1.15  is  introduced  into  the  expression  to  normalize 
che  point  source  data  Pa(s)  to  the  plane  source  data  Wa. 

In  all  cases,  <d  is  the  solid  angle  fraction  subtended  by  the 
wall  at  the  detector  and  was  calculated  according  to  Section  41, 
Reference  3. 

Values  of  all  functions  shown  in  Equations  3-4  and  3.5  vere 
obtained  from  graphs  shown  in  Reference  3.  The  theoretical  results 
in  Table  3. 11  were  obtained  by  substituting  the  appropriate  va'ntt 
in  these  equations. 


3.5  COMPARISON  OF  EXPERIMENTAL  AND  THEORETICAL  REDUCTION  FACTORS 

Figures  3.9  through  3»l4  show  the  experimental  and  theoretical 
reduction  factors  versus  vail  thickness  obtained  from  the  data  shown 
in  Table  3. 11.  For  cobalt  60  (except  for  the  ground-level  detector 
position)  the  maximum  difference  between  experiment  and  theory  was 
approximately  15  percent.  For  cesium  137  (except  for  the  ground- 
level  detector  position)  the  maximum  difference  between  experiment 
and  theory  was  approximately  20  .percent  (maximum  of  5  percent  for 
the  3-foot  height). 

For  the  ground  level  detector  position,  the  theoretical  re¬ 
duction  factors  were  higher  than  the  experimental.  For  cobalt  60, 
the  difference  between  experiment  and  theory  was  as  much  as  45 
percent;  for  cesium  137>  as  much  as  30  percent.  This  greater 
difference  at  the  ground  level  detector  may  be  attributed  in  part 
to  energy  degradation  caused  by  shielding  of  the  detector  by  the 
ground  and  to  the  uncertainty  of  the  values  which  were  used  in 
Equation  3.4  for  calculating  the  theoretical  reduction  factors. 

These  were  obtained  from  graphs  which  were  read  either  from  the 
3-foot  height  curve  or  extrapolated  to  zero  height.  Further, 
Spencer’s  monograph  states  that  serious  errors  could  result  from 
using  Equation  3.4  in  situations  where  the  detector  is  far  re¬ 
moved  from  being  directly  opposite  the  center  of  the  vail.  Thus, 
it  is  possible  that  the  theoretical  reduction  factors  presented  are 
too  conservative. 
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Figure  3*9  Experimental  and  theoretical  reduction  factors 
versus  wall  thickness  at  the  6-foot  height  in 
the  center  of  the  blockhouse.  Source:  Cobalt  60 
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Figure  3*11  Experimental  and  theoretical  recuction  factors 
versus  wall  thickness  at  ground  level  in  the 
center  of  the  blockhouse.  Source:  Cobalt  60. 
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Figure  3.12  Experimental  and  theoretical  reduction  factors 
versus  vail  thickness  at  the  6-foot  height  in 
the  center  of  the  blockhouse.  Source:  Cesium  137. 
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Figure  3*  1**  Experimental  and  theoretical  redaction  factors 
versus  vail  thickness  at  ground  level  in  the 
center  of  the  blockhouse.  Source:  Cesium  137 


CHAPTER  4 


CONCLUSIONS 


4.1  CONCLUSIONS 

Experimental  and  theoretical  reduction  factors  3  feet  and  6  feet 
above  the  center  of  the  floor  of  the  concrete  blockhouse  with  wall 
thicknesses  of  48,  93*7>  and  139  Psf  agreed  within  ±15  percent  for  ■* 
uniform  plane  source  of  cobalt  60  and  within  ±20  percen*  for  cesium  .  57« 

Cobalt  6 0  and  cesium  137  radiation  show  approximately  exponential 
attenuation  of  dose  rate  as  a  function  of  wall  thickness  ranging  from 
48  to  139  psf  for  detector  heights  of  0,  3>  and  6  feet. 
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APPENDIX 


Experimental  Point  Source  Data 


The  following  pages  contain  the  point  source  data  for  each  wall 
thickness  for  the  source  positions  shown  in  Figures  2  ^  vo  2.^  of  this 
report.  Also  shown  is  the  dose  rate  contribution  from  each  row, 
obtained  by  converting  the  point  source  data  to  uniformly  contaminat 
area  source. 

Special  attention  is  called  to  the  notation  on  Tables  A4  through 
A6,  listing  the  data  for  cesium  137.  All  cesium  137  data  must  be 
multiplied  by  the  factor  0.924.  This  change  resulted  from  a  recal¬ 
culation  of  the  specific  gamma  exposure  rate  of  1  curie  of  cesium  137 
in  air.  This  recalculation  was  made  by  Dr.  A.  Foderaro  of  Pennsylvania 
State  University  while  working  under  Nuclear  Defense  Laboratory 
Contract  No.  DA  18-108-AMC-24-A*. 

The  cesium  137  data  shown  on  the  tables  were  normalized  on  +he 
basis  of  a  specific  dose  rate  of  O.39  (r/hr)/curie  at  one  meter.  The 
factor  0.924  is  the  ratio  which  converts  the  data  to  the  recalculated 
value  of  O.36  (r/hr)/curie,  i.e. : 

=  0.934 


Dr.  Fcderaro  suggests  that  the  value  of  0.39  r/br  obtained  from 
the  National  Bureau  of  Standards  Handbook  no.  >4  does  not  taxe  into 
account  that  only  92  percent  of  the  cesium  137  disintegrations  are 
accompanied  by  gamma  rays;  the  remaining  8  percent  are  beta  transitions 
to  the  ground  state  of  the  daughter. 

All  dose  rates  in  the  text  of  the  report  have  been  corrected  by 
the  above  factor. 

*  Foderaro,  A.,  Private  Communication  to  R.  E.  Rexroad,  17  January  1963. 
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Commanding  Officer,  Foreign  Science  and  Technology  Center, 

ATTN:  Tech  Data  Branch,  Arlington  Hall,  Washington  25,  D.  C. 
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Mr.  Charles  H.  Harp,  Deputy  Chief,  Research  Branch, 
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Commanding  General,  ATTN:  Technical  Library  Branch, 

White  Sands  Missile  Range,  New  Mexico 
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Alamos,  New  Mexico,  ATTN:  Report  Librarian 
Radiation  Shielding  Information  Center,  Cak  Ridge  National 
Laboratories,  P.  0.  Box  X,  ATTN:  S.  K.  Penny,  Oak  Ridge, 
Tennessee 
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Defence  Research  Board,  ATTN:  Dr.  C.  E.  Clifford,  "A" 
Wing,  Ottawa,  Canada 
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